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ABSTRACT

This report summarizes the basic on-orbit characteristidhe WFC3 UVIS SMOV bias
frames. We investigate and report on properties such as ieelbvels, the overscan
region, the read noise, and describe characteristics oktiygerbias. The average mean
bias levels measured in 89 full-frame, four-amp bias imaggdouts is 0.096, 0.071,
0.038, and 0.007 e- for amps A, B, C, and D respectively. Oalyais of overscan
regions show possible overscan correction improvementge réad noise levels are
measured for the full-frame, four-amp biases using a gamllef 1.5 e-/DN, are 2.91,
2.99, 2.90, and 3.01 e- for amps A, B, C and D. The average mgsenlsas level has
been measured as 0.081 DN for cHip (amps A and B) and 0.022 DN for chi2
(amps C and D) in agreement with the ground superbias level@f8 DN for chip#l
and 0.013 DN for chigt2 . An on-orbit superbias is to be installed in CDBS in October
20009.

Introduction

We report on the basic properties of the WFC3 UVIS on-orlzisbs. Bias frames were
obtained during SMQOV (Servicing Mission Observatory Vertion) after the Serving
Mission 4 in May 2009, from proposals 11419 (UVIS Detectoné&tion Test/Gain),
11426 (UVIS Contamination Monitor), 11431 (UVIS Hot PixehAeal), and 11448
(UVIS SAA Passage). We analyzed the bias frames in a varietyags, including
analysis of their bias levels, overscan region, and reasendndividual on-orbit bias
frames as well as superbias frames were compared to grouadaaerify that no
anomalies were detected.



The Data

In Appendix A, Tables 5, 6, and 7 summarizes the full-franoeirfamp readout bias
frames included in this study. Tables 8 and 9 in Appendix Asamze the 2x2 binning

and 3x3 binning bias frames. These tables list the obsenatiroothame, date and

time of observations, shutter blade used, proposal id, hedrtean pixel value from
each ampli er in DN.

Analysis

All images were over-scan corrected (DQICORR and BLEVCO®&Read on) and pro-

cessing usingalwf3 version 27Apr2009. For each bias frame, the mean level in DN

was computed for each amp and is shown in Appendix A in Tableg.5The average
mean value for the full-frame biases is 0.096, 0.071, 0.688,0.007 DN for amps A,
B, C, and D respectively. The typical standard deviationtfiar full-frame biases for
amps A, B, C, and D is 1.96, 2.02, 1.95, and 2.03 DN. For the 2n@dal biases the
average mean value is 0.39, 0.11, 0.14, and 0.22 for ampsGfaig D and for the 3x3
binned biases 0.80, 0.54, 0.40, and 0.69 for amps A, B, C, and D

We looked for any systematic patterns in the overscan regibthe raw bias les
by creating a row averaged plot of the overscan for each frarhe physical overscan
region contains 25 extra columns at both ends of the chip. ydtematic trends were
found in the overscan. We found no indication of the occadiodd-even effect seen in
WFPC2, where the odd and even columns are offset by a smallran(typically less
than 0.003 DN).

Averaged line plots were created of overscan and on-orag lei corrected bias
frames, to investigate the stability of the individual bfeemes. About 9% of the
frames looked at and uninteresting while the othe®d8howed interesting features

stillunder investigation. Figure 1 shows the averagedgdioeof image iaab03s1flv_tmp.

typical of a at and stable image. In Figure 2, image iaab@3pv_tmp. ts shows a dis-
continuity in the line plot between the ampli er boundaryhébias level for amp C of
this image indicates an outlying value with a mean value @66 DN. Figure 3 shows
image iaau02n8dplv_tmp. ts where the level increases to a peak level in the cleip-c
ter and then decreases across the chip. Figure 4 shows ttagavme plot of image
iaab07ahdolv_tmp. ts where the level starts high and decreases linearyss the chip.
However, for the last two images, iaau02n8g_tmp. ts and iaab07ahdplv_tmp. ts,
their mean levels do not indicate any outlying bias levelsripamp. Further analysis is
required to determine the cause of the change in shape of¢naged line plots. Given
the minimal processing done to bias frames, the off-nonmatplot shapes are either
intrinsic to the data or, more likely, an artifact of the aa@an subtraction algorithm.
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Figure 1. Averaged line plot from lines 10 - 2050 for image iaab03&hgtmp. ts
(chip# 1).
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Figure 2. Averaged line plot from lines 10 - 2050 for image iaab0%hig tmp. ts (chip
#1).

0.0 4l

i
-0.2

L ) h
1000 2000 3000 4000

Figure 3. Averaged line plot from lines 10 - 2050 for image iaauO2it®e tmp. ts
(chip# 1).
Read Noise

The read noise was measured from the science area pixela®frames. Difference
images from pairs of calibrated bias frames were createzhtove any two-dimensional
structure; the read noise is taken as the standard deviatitre science area pixels
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Figure 4. Averaged line plot from lines 10 - 2050 for image iaabO7&hgtmp. ts
(chip# 1).

(divided by the square root of 2 to account for the differaggi The statistics are
computed using 3 iterations of 3-sigma clipping in ordergnare bad pixels. The
results in DN are converted to electrons assuming gain=I1C3Ne Table 1 shows the
statistics including the mean and error for the bias imadegferent binnings. Figure
5 shows the values of the read noise for the full-frame imadmsed for each amp as a
function of time. Amp B exhibits the least amount of read paoiariability while amp
A is the most noisy. Using a gain=1.5e-/DN the full-framedemise levels are 2.91,
2.99, 2.90, and 3.01 e- for amps A,B,C, and D respectivelyleTa summarizes the off-
nominal gains which are restricted modes unavailable tosusehese values are spot
checked as part of SMOV but no more imaging in these modesimphd. There were
only 2 biases at each off-nominal gain, so no error in the noeembe computed but
estimated error is 0.01 The SMOV read values will be updated in the CCD reference
le table (used bycalwf3in the computation of the error arrays).

On-orbit Superbias

An on-orbit superbias was created using the 89 good, fath# unbinned, four-amp
readout, overscan-corrected biases which are listed it Bb 7 in Appendix A. We
also created a superbias using four 2x2 binning frameslliat€able 8 and 3x3 binning
frames listed in Table 9. The scripts used to generate th&Sl$uperbias are described
in detail in TIR 2008-01 (Martel et al. 2008a).

Table 3 shows the statistics across the entire chip of therbisuperbias using
a 3 sigma clipping and Table 4 shows the statistics acrossrtme chip for the ground
superbias using a 3 sigma clipping. These tables includedh&er of input frames,
ampli ers, mean (DN) for both chips, standard deviation (Cfr both chips, and the
median (DN) for both chips. The values for the on-orbit sbses are similar to those
for ground data.



Table 1. Average read noise levels and error in four-amp bias imag#s different
binnings, using a gain of 1.5 e-/DN.

Amplier Binning Read Noise (e-) Error

A 1 291 0.03
A 2 3.11 0.02
A 3 3.22 0.04
B 1 2.99 0.01
B 2 3.15 0.01
B 3 3.26 <0.01
C 1 2.90 0.02
C 2 2.99 <0.01
C 3 3.09 0.01
D 1 3.01 0.02
D 2 3.29 0.02
D 3 3.38 <0.01

Table 2. Off-nominal read noise levels in full-frame unbinned, f@mp bias images.

Amplier Gain Read Noise (e-)

A 1 2.69
B 1 2.66
C 1 2.61
D 1 2.75
A 2 3.17
B 2 3.15
C 2 291
D 2 3.27
A 4 4.58
B 4 4.42
C 4 5.14
D 4 4.09

A greyscale image of the on-orbit stacked superbias, falhe four-amp image
is shown in Figure 6. The nal bias reference le includes theerscan regions, has
an integration time of 0 sec, and is in units of DN. The sueslig generally at with
slightly brighter “ridges' which run parallel to the outegrtical edges. These ‘ridges'
are about 300 pixels away from the vertical edges and aret &@@upixels wide. The
pixel values are 0.1 (DN) higher than the pixel value in the inner chip are@sent in
all full-frame UVIS images, these features are stable ardths le subtraction step
provides an effective correction. Also present are systierfeatures which include bad
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Figure 5. Read noise levels plotted as a function of time for each amfplifframe
unbinned, four-amp bias images, using a gain of 1.5 e-/DN.

columns and hot pixels.

A greyscale image of the ground bias reference le (t3h20Mia. ts), a full-
frame four-amp image is shown in Figure 7. The overall stmecbf this reference le
is similar to the on-orbit stacked bias frame, including theéges' along the outside of
the FOV.

Figures 8 - 11 shows an average line plot, rows 10 - 2000, ®mgtound bias
reference le and the on-orbit stacked le for each chip irder to quantify the bias
structure. The ‘ridges’, as well as a gradual increase wswvelnip center are apparent.
The structure of the on-orbit bias is similar to the grourakbie except a larger number
of bad columns and hot pixels are visible in the on-orbit feam

As a further test of the new superbias, we have investig&tedfects on photom-
etry. Images of GRW+70D5824 from proposal 11426 (UVIS Comniteation Monitor)
were re-calibrated with a preliminary on-orbit bias and gi®tometry based on 40
pixel radius apertures was compared to that from the imag@srated with a ground
superbias le. The new superbias reduced the scatter in tlogometry from 10%
to 5%. Improvements due to the new superbias may have been aateshtoy both
the intentionally relatively large aperture employed fog tontamination monitor used
as well as the use of the standard subarray position (nea@htpecorner, i.e., near the
region of the ‘ridge' feature in the superbias). The newesbibit bias reference le
will be installed and available for calibration via CDBS iiOber 2009.



Table 3. On-orbit superbias statistics across chip(amps A and B) and chip 2 (amps
C and D), using 3 iterations of 3 sigma clipping.

File Number of Binning  Ampli ers Mean (DN) Stddev (DN) Media DN)
Input Frames (Chig¢ 1, Chip# 2)  (Chip# 1, Chip# 2) (Chip# 1, Chip# 2)
b0906128%ia. ts 89 1 ABCD 0.081, 0.022 0.209, 0.217 0.074, 0.012
b09061204bia. ts 4 2 ABCD 0.240,0.173 1.034,1.033 0.207, 0.130
b09061204bia. ts 4 3 ABCD 0.634, 0.5172 1.076, 1.074 0.639, 0.477

Table 4. Ground superbias statistics across éhiplamps A and B) and chig 2 (amps
C and D), using 3 iterations of 3 sigma clipping.

File Number of Binning  Ampli ers Mean (DN) Stddev (DN) MedigDN)
Input Frames (Chigf 1, Chip# 2)  (Chip# 1, Chip# 2) (Chip# 1, Chip# 2)
t3h2007eibia. ts 63 1 ABCD 0.078, 0.013 0.245, 0.253 0.070, 0.007
t3h2007gibia. ts 19 2 ABCD 0.243, 0.156 0.485, 0.484 0.235, 0.136
t3h2007iibia. ts 38 3 ABCD 0.659, 0.508 0.381, 0.385 0.648, 0.503
Conclusions

This report discusses our current state of knowledge of therbit characteristics of
the bias frames and bias levels. Our investigation of thpgntees of the bias show that
no anomalies are present and the bias and its overscan seg®behaving as expected
from ground testing. A small number (10%) of the individual bias frames show some
residual structures, a possible indication that there neapbm for improvement in the
overscan correction. The read noise has been measuredtisostience area pixels
for the full-frame images to be 2.91, 2.99, 2.90, and 3.0loe-amps A,B,C, and D
assuming a gain of 1.5 e-/DN. We have also evaluated the lsiagggroduced from all
good full-frame biases comparing it to the ground superbias
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Figure 6. On orbit stacked bias le. Full frame two chip (A/B at top, CHattom).



Figure 7. Ground bias reference le (t3h2007bia. ts). Full frame two chip (A/B at
top, C/D bottom).



Figure 8. Plot of average rows (lines 10 - 2000) for ground bias refegerie
(t3h2007eibia. ts) for chip#1 (amps A and B).

Figure 9. Plot of average rows (lines 10 - 2000) for on-orbit stackexbble for chip
#2 (amps C and D).
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Figure 10. Plot of average rows (lines 10 - 2000) for ground bias refegere
(t3h2007eibia. ts) for chip#1 (amps A and B).

Figure 11. Plot of average rows (lines 10 - 2000) for on-orbit stackexkble for chip
# 2 (amps C and D).
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Appendix A.

Table 5. List of observations: rootname, date and time of obsemasbutter blade,
proposal id, and the mean pixel value in DN for each amp. Alges are full-frame,
four-amp readout 0 sec bias frames.

rootname date-obs time-obs  shut proposid mean (DN) meai (Ditean (DN) mean (DN)
amp a amp b amp ¢ amp d
iaao01k8gq 2009-06-12 4:11:56.0 A 11419 0.07 0.05 0.08 0.05
iaao01k9gq 2009-06-12 4:14:03.0 A 11419 0.12 0.09 0.03 0.06
iaao02keq 2009-06-12 5:06:36.0 A 11419 0.08 0.05 0.05 -0.02
iaao02kfq  2009-06-12 5:08:43.0 A 11419 0.09 0.07 0.01 -0.03
iaao03koq 2009-06-12 7:41:35.0 B 11419 0.08 0.07 0.05 0.01
iaao03kpg 2009-06-12 7:43:42.0 B 11419 0.08 0.09 0.03 -0.01
iaao04kug 2009-06-12 9:11:12.0 B 11419 0.07 0.13 0.02 0.03
iaao04kvq 2009-06-12 9:13:19.0 B 11419 0.15 0.12 -0.01 0.00
iaao05lkqg  2009-06-12 19:39:29.0 A 11419 0.12 0.10 0.09 0.04
iaao05llg  2009-06-12 19:41:36.0 A 11419 0.07 0.05 0.08 1-0.0
iaag03abq 2009-06-23 8:37:47.0 A 11431 0.09 0.06 0.03 0.00
iaag03a8q 2009-06-23 9:12:02.0 A 11431 0.12 0.09 0.03 0.02
iaag03abg 2009-06-23 9:46:17.0 A 11431 0.06 0.10 0.05 0.06
iaag03aeq 2009-06-23 10:49:36.0 A 11431 0.10 0.10 0.01 0.05
iaag03ahg 2009-06-23 11:23:51.0 A 11431 0.11 0.04 0.05 0.02
iaau02n8g 2009-06-26 7:52:05.0 A 11426 0.11 0.04 -0.01 4-0.0
iaau02n9q 2009-06-26 7:54:12.0 A 11426 0.10 0.07 0.04 0.04
iaab0lo5q 2009-06-26 14:04:07.0 B 11446 0.07 0.07 0.06 1-0.0
iaab0lo6g 2009-06-26 14:06:14.0 B 11446 0.18 0.07 0.06 0.01
iaab02b3gq 2009-06-29 14:04:06.0 B 11446 0.13 0.01 0.07 0.05
iaab02b4q 2009-06-29 14:06:13.0 B 11446 0.13 0.04 -0.02 03-0.
iaa902dtg 2009-06-30 2:28:05.0 A 11448 0.08 0.06 0.10 -0.02
iaa902fbg 2009-06-30 3:43:24.0 A 11448 0.15 0.09 0.04 0.02
iaaul2goq 2009-06-30 5:00:36.0 A 11426 0.10 0.06 0.02 0.04
iaaul2gpg 2009-06-30 5:02:43.0 A 11426 0.11 0.10 0.01 -0.03
iaa901jwg 2009-06-30 9:16:26.0 A 11448 0.14 0.09 0.04 0.04
iaa901khg 2009-06-30 10:31:45.0 A 11448 0.13 0.06 -0.05 02-0.
iaa903mwq 2009-06-30 19:45:05.0 B 11448 0.05 0.15 0.03 0.03
iaa903nfqg  2009-06-30 21:00:24.0 B 11448 0.05 0.10 -0.02 30.0
iaab03s1g 2009-07-02 15:29:59.0 A 11446 0.11 0.04 0.06 0-0.0
iaab03s2q 2009-07-02 15:32:06.0 A 11446 0.09 0.02 0.07 0.01
iaabO4owg 2009-07-05 15:59:13.0 B 11446 0.15 0.07 0.05 4-0.0
iaab0O4oxg 2009-07-05 16:01:20.0 B 11446 0.07 0.07 0.01 5-0.0
iaau22ucq 2009-07-08 20:42:00.0 B 11426 0.19 0.05 0.06 0.07
iaau22udg 2009-07-08 20:44:.07.0 B 11426 0.14 0.06 -0.02 01-0.
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Table 6. (Continued) List of observations: rootname, date and tihebservation,

shutter blade, proposal id, and the mean pixel value in DNé&mh amp. All images are
full-frame, four-amp readout 0 sec bias frames.

rootname date-obs time-obs  shut proposid mean (DN) meai (Diean (DN) mean (DN)
amp a amp b amp c amp d
iaabO5wzq 2009-07-09 9:56:57.0 A 11446 0.04 0.09 0.02 0.01
iaab05x0q 2009-07-09 9:59:04.0 A 11446 0.12 0.08 0.06 0.01
iaab06g4q 2009-07-11 14:23:37.0 B 11446 0.09 0.01 0.04 2-0.0
iaab06g5q 2009-07-11 14:25:44.0 B 11446 0.12 0.12 0.10 0.05
iaau32wpq 2009-07-15 1:50:02.0 B 11426 0.14 0.07 0.01 0.01
iaau32wqq 2009-07-15 1:52:09.0 B 11426 0.10 0.06 -0.01 0.04
iaab07ahg 2009-07-15 21:13:06.0 A 11446 0.15 0.05 0.10 4-0.0
iaab07aiq 2009-07-15 21:15:13.0 A 11446 0.04 0.09 0.10 0.02
iaab08odg 2009-07-18 12:00:04.0 A 11446 0.16 0.08 0.00 4-0.0
iaab08oeq 2009-07-18 12:02:11.0 A 11446 0.10 0.03 0.06 0.00
iaag04alq 2009-07-20 1:45:540 A 11431 0.02 0.06 0.06 -0.02
iaag04a5q 2009-07-20 2:20:09.0 A 11431 0.08 0.06 0.06 -0.01
iaag04agq 2009-07-20 2:54:24.0 A 11431 0.10 0.05 0.05 -0.03
iaag04ang 2009-07-20 3:28:39.0 A 11431 0.03 0.10 0.03 0.07
iaag04asq 2009-07-20 4:02:54.0 A 11431 0.06 0.07 0.01 0.04
jaag06doq 2009-07-21 1:49:19.0 B 11431 0.06 0.09 0.02 0.05
iaag06drq 2009-07-21 2:32:01.0 B 11431 0.08 0.07 0.03 -0.02
jaag06dug 2009-07-21 3:06:16.0 B 11431 0.12 0.08 0.04 -0.03
iaag06dzq 2009-07-21  3:40:31.0 B 11431 0.08 0.11 0.05 -0.01
iaag06e2q 2009-07-21 4:14:46.0 B 11431 0.07 0.09 0.01 0.00
iaab09juq 2009-07-21 12:10:58.0 B 11446 0.10 0.05 -0.07 50.0
iaab09jwg 2009-07-21 12:13:05.0 B 11446 0.08 0.04 0.02 0.03
iaau42n6q 2009-07-22 9:00:03.0 B 11426 0.09 0.08 0.05 0.01
iaau42n9q 2009-07-22 9:02:10.0 B 11426 0.05 0.09 -0.01 1-0.0
iaabl0chqg 2009-07-23 14:04:05.0 A 11446 0.15 0.10 0.05 1-0.0
iaablOciq 2009-07-23 14:06:12.0 A 11446 0.10 0.07 0.10 3-0.0
jaabllakq 2009-07-26 22:14:44.0 B 11446 0.07 0.05 0.03 0.06
iaabllalg 2009-07-26 22:16:51.0 B 11446 0.14 0.10 -0.02 50.0
jaau52wtq 2009-07-29 19:50:02.0 A 11426 0.09 0.09 0.06 2-0.0
iaau52wuq 2009-07-29 19:52:09.0 A 11426 0.07 0.09 0.06 3-0.0
iaabl2amq 2009-07-30 13:24:26.0 A 11446 0.08 0.08 0.04 4-0.0
jaabl2ang 2009-07-30 13:26:33.0 A 11446 0.09 0.08 0.08 3-0.0
jaab13jig 2009-08-01 16:37:26.0 B 11446 0.10 0.07 -0.01 020.
iaab13jjg 2009-08-01 16:39:33.0 B 11446 0.05 0.05 0.06 0.02
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Table 7. (Continued) List of observations: rootname, date and tirhebservation,

shutter blade, proposal id, and the mean pixel value in DNé&mh amp. All images are
full-frame, four-amp readout 0 sec bias frames.

rootname date-obs time-obs  shut proposid mean (DN) meai (Diean (DN) mean (DN)
amp a amp b amp ¢ amp d

iaau62hhgq 2009-08-04 2:00:04.0 A 11426 0.17 0.01 0.08 0.01
iaau62hig  2009-08-04 2:02:11.0 A 11426 0.07 0.06 0.04 -0.04
iaabl4ktg 2009-08-04 14:10:43.0 A 11446 0.06 0.09 0.01 0.03
iaabl4kuq 2009-08-04 14:12:50.0 A 11446 0.04 0.07 0.09 2-0.0
iaabl5sbg 2009-08-07 14:22:00.0 B 11446 0.12 0.11 0.01 0.02
iaabl5scq 2009-08-07 14:24:07.0 B 11446 0.15 0.04 0.06 0.05
iaabl6haq 2009-08-10 14:44:05.0 B 11446 0.03 0.05 0.01 3-0.0
iaabl6hbg 2009-08-10 14:46:12.0 B 11446 0.09 0.07 0.07 0.03
iaabl7chqg 2009-08-13 14:04:06.0 A 11446 0.10 0.07 0.06 0.03
iaabl7cjg 2009-08-13 14:06:13.0 A 11446 0.10 0.07 -0.00 20.0
iaab18ylg 2009-08-16 16:08:14.0 B 11446 0.07 0.08 0.06 0.03
iaab18ymqg 2009-08-16 16:10:21.0 B 11446 0.13 0.06 0.02 3-0.0
iaab19zuq 2009-08-19 16:32:44.0 A 11446 0.11 0.08 0.05 0.01
iaab19zvg 2009-08-19 16:34:51.0 A 11446 0.10 0.07 0.01 0.03
iaab20uxq 2009-08-22 14:04:07.0 A 11446 0.14 0.05 0.01 5-0.0
iaab20uyq 2009-08-22 14:06:14.0 A 11446 0.10 0.10 0.04 0.06
iaab21rdqg 2009-08-25 14:04:08.0 A 11446 0.05 0.06 0.06 0.00
iaab21req 2009-08-25 14:06:15.0 A 11446 0.11 0.05 0.06 0.01
iaab22ilg 2009-08-29 0:27:53.0 B 11446 0.02 0.04 0.08 -0.07
iaab22i2q 2009-08-29 0:30:00.0 B 11446 0.16 0.09 -0.01 0.08

Table 8. List of observations: rootname, date and time of obsermasbutter blade,

proposal id, and the mean pixel value in DN for each amp. Aéiges are 2x2 binning,

four-amp readout 0 sec bias frames.
rootname date-obs  time-obs shut proposid mean (DN) meah (Diean (DN) mean (DN)

amp a amp b amp ¢ amp d

iaao0910g 2009-06-12 10:11:15 B 11419 0.39 0.13 0.16 0.16
iaao09l1q 2009-06-12 10:12:29 B 11419 0.44 0.04 0.11 0.20
iaa01008g 2009-06-13 02:45:.06 A 11419 0.36 0.09 0.17 0.32
iaa01009g 2009-06-13 02:46:20 A 11419 0.36 0.20 0.13 0.17
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Table 9. List of observations: rootname, date and time of obsemasbutter blade,

proposal id, and the mean pixel value in DN for each amp. Aéiges are 3x3 binning,
four-amp readout 0 sec bias frames.

rootname date-obs  time-obs proposid mean (DN) meal (Ditean (DN) mean (DN)
amp d
iaaollodqg 2009-06-13 03:20:58 A 11419 0.68
iaaolloeq 2009-06-13 03:21:43 A 11419 0.71
iaaol2orq 2009-06-13 04:55:.05 A 11419 0.71
iaaol20sq 2009-06-13 04:55:50 A 11419 0.68
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